Salinicola tamaricis sp. nov., a heavy-metal-tolerant, endophytic bacterium isolated from the halophyte Tamarix chinensis Lour The genus Salinicola, a member of the family Halomonadaceae, was originally described by Anan'ina et al. . Salinicola strains are described as Gram-stain-negative, aerobic, rod-shaped, motile and moderately halophilic. Here, we present a polyphasic study describing a novel Salinicola strain isolated from the leaves of a halophyte, Tamarix chinensis Lour.
The genus Salinicola, a member of the family Halomonadaceae, was originally described by Anan'ina et al. [1] with Salinicola socius as the type species. Further studies have led to the transfer of the species Halomonas salaria and Chromohalobacter salarius to this genus as Salinicola salarius and Salinicola halophilus, respectively [2] . At the time of writing, the genus comprises six recognized species with validly published names: S. socius, S. halophilus, S. salarius, S. rhizosphaerae, S. peritrichatus and S. acroporae. Salinicola strains have been isolated from different environments, including seawater [3] , salt mines [1] , a solar saltern [4] , the rhizosphere of mangrove [5] and deep-sea sediment [6] . Salinicola strains are described as Gram-stain-negative, aerobic, rod-shaped, motile and moderately halophilic. Here, we present a polyphasic study describing a novel Salinicola strain isolated from the leaves of a halophyte, Tamarix chinensis Lour.
The plant sample of T. chinensis was collected from the seashore saline soil of the Yellow River delta, China. Approximately 5 g of T. chinensis leaves was washed thoroughly in running water and then washed vigorously with 100 ml of sterile water. The leaves were surface-sterilized by immersing them in 0.1 % Tween 80 for 3 min, followed by 0.1 % HgCl 2 for 1 min, and then being immersed in 75 % (v/ v) ethanol for 3 min, before being washed with sterilized H 2 O for at least five times. The leaves were ground with a mortar and pestle, added to 5 ml of sterile water, followed by incubation in HM medium [7] with 5.0 % (w/v) NaCl at 30 C for 24 days. By using the standard dilution plating technique, the enriched culture was subsequently incubated for 7 days on HM agar to obtain two different strains. One strain showed a high 16S rRNA gene sequence similarity (99 %) to Pseudomonas rhizosphaerae IH5 T [8] , and the other one with a cream-coloured colony, named strain F01 T , was purified and cultured at 30 C on HM agar for further analysis. At the same culture conditions, growth of five authentic strains, S. peritrichatus CGMCC 1.12381 T , S. salarius KCTC 12664 T , S. socius DSM 19940 T , S. acroporae JCM 30412
T and S. rhizosphaerae KCTC 32998 T , were also maintained for side-by-side tests.
Genomic DNA from strain F01
T was isolated using the DNeasy kit (Qiagen) and sequenced with the Illumina HiSeq 2500 system. De novo assembly of sequence reads with a length of 150 bp resulted in 430 contigs, generating the 4 234 438 bp draft genome of strain F01
T . Coding sequences were predicted by Glimmer version 3.02 [9] . rRNA genes were predicted by RNAmmer version 1.2 [10] , and functional genes were annotated by the Cluster of Orthologous Groups version 20090331 [11] . The 16S rRNA gene sequence of the strain was obtained from the genomic data, and was compared with sequences of closely related species from the EzTaxon-e service [12] . For multilocus sequence analysis [13] , two housekeeping gene sequences of gyrB and rpoD were also obtained from genomic data. Sequences of related Halomonadaceae strains were retrieved from the GenBank database (Table S1 , available in the online Supplementary Material), according to previous recommendations [13, 14] . Multiple sequence alignments were analysed using CLUSTAL X 2.0 [15] . Phylogenetic trees were reconstructed by the maximum-likelihood (ML, [16] ), neighbour-joining (NJ, [17] ) and maximum-parsimony (MP, [18] ) methods using MEGA 6 software [19] . Evolutionary distances were calculated according to the Kimura two-parameter model [20] . Branch support was calculated by bootstrap analysis.
The 16S rRNA gene sequence determined for strain F01
T contained 1529 bp nucleotides. Using a global alignment algorithm [21] implemented at the EzTaxon server, the highest 16S rRNA gene sequence similarity was found with Salinicola species, S. peritrichatus DY22 T (97.7 %), S. salarius M27 T (97.4 %) and S. acroporae S4-41 T (97.3 %), showing it to be a member of the genus Salinicola. To confirm this, multilocus sequence analysis was also performed by using sequences with lengths of 1312 bp for the 16S rRNA gene, 911 bp for the gyrB gene and 1189 bp for the rpoD gene. For alignment of the rpoD gene, 108 bases (positions 527-634 of the multiple alignment) that showed low sequence similarities and length variations were omitted according to de la Haba et al. [13] . The pairwise sequence similarity value of the 16S rRNA gene between F01
T and intrageneric Salinicola strains was 96.1-97.7 %, much higher than the intergeneric similarities (88.9-95.1 %) between F01 T and strains from other genera in the family Halomonadaceae, such as Halomonas, Chromohalobacter and Kushneria. For the gyrB gene sequences, the range of intrageneric sequence similarities (86.4-90.1 %) was also higher than the intergeneric similarities (71.4-85.8 %), and S. acroporae S4-41
T was found to be the closest relative of strain F01 T , having 90.1 % similarity. The comparison based on rpoD gene sequences revealed that strain F01
T shared slightly higher sequence similarity (76.5-84.7 %) with Salinicola strains than with other Halomonadaceae strains (69.2-80.4 %). The phylogenetic tree of 16S rRNA gene sequences using the NJ algorithm ( Fig. 1) showed that strain F01
T was clustered in the radiation of the genus Salinicola, and was distantly related to S. peritrichatus DY22 T , but it formed a single branch separated from the cluster composed of other Salinicola strains. Trees prepared with the ML and MP algorithms gave similar results (Fig. 1) , suggesting that in the genus Salinicola, strain F01
T has emerged from a lineage of S. peritrichatus DY22 T , and the lineage has later separated into two branches, one occupied by F01
T and another one formed by other Salinicola strains. The phylogenetic trees based on gyrB and rpoD genes (Figs S1 and S2), as well as the 16S rRNA-gyrB-rpoD concatenated gene tree (Fig. S3) , also supported this hypothesis and showed that strain F01
T was grouped in a monophyletic branch together with other species of the genus Salinicola.
The DNA G+C content of strain F01
T was deduced from genomic sequencing data, and was 65.8 mol% (Table 1) , which is within the range reported for species of the genus Salinicola (58.8-69.1 mol%) [1, 3, 4, 6, 22] . For further species delineation, DNA-DNA hybridizations were performed as described by Huss et al. [23] T . The optimal conditions for growth were determined by incubating in modified SW10 medium [7] Table 1 and Figs S4-S6, as well as in the species description. Most notably, growth of strain F01
T occurred with NaCl at concentrations of 0-25.0 % (w/v) with optimum growth at 5.0 %. Thus, strain F01
T is a halotolerant bacterium.
The heavy metal tolerance of strain F01 T was studied in HM medium supplemented with 5.0 % (w/v) NaCl Cell morphology was determined according to the method of Claus et al. [27] . Whole cell observations were made by transmission electron microscopy (JEM-1200EX) as described by Huo et al. [6] . The oxidase test was performed by oxidation of 1.0 % (w/v) p-aminodimethylaniline oxalate 
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To test the utilization of single nitrogen sources, each amino acid was added to the mentioned mineral salts medium without KNO 3 and (NH 4 )H 2 PO 4 to give a concentration of 1 g l À1 .
All the tests were carried out in the presence of 5.0 % (w/v) NaCl and at 30 C unless otherwise indicated. Acid production from carbohydrates was tested with the API 50CH system (bioMerieux) containing 3.0 % (w/v) NaCl. Cells of strain F01
T were Gram-stain-negative, non-endosporeforming rods, and 0.8-1.0Â1.3-2.9 µm in size. They were motile by means of flagella (Fig. S7) . Colonies of strain F01 T grown on HM medium containing 5.0 % (w/v) NaCl at 30 C for 48 h were round, entire, convex, cream-coloured and 1-1.5 mm in diameter. Other phenotypic and biochemical results are given in Table 1 and in the species description. Most notably, strain F01
T was positive for the assimilation of D-arabitol and hydrolysis of DNA. Accordingly, strain F01
T could be easily distinguished from most closely related type strains of the genus Salinicola.
By detecting the optical density at 600 nm, the growth phases of strain F01
T and related strains were measured in tryptic soy broth (TSB) medium supplemented with 5.0 % (w/v) NaCl at pH 7.0 and 30 C for 1-12 days. Cellular fatty acids of cells at the stationary phase (48 h) were analysed by GC [31, 32] using the Sherlock Microbial Identification System (MIDI; Microbial ID). The analysis of isoprenoid quinones and polar lipids was carried out by the Identification Service of the China Center of Industrial Culture Collection (CICC). The fatty acid 
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API 50CH results: profile of strain F01 T was dominated by C 18 : 1 !7c (40.8 %) and C 16 : 0 (28.6 %) ( Table 2 ). Both compounds are characteristic predominant fatty acids reported in the description of the genus Salinicola [1] . The major fatty acids determined for other reference strains were C 18 : 1 !7c, C 16 : 0 and C 19 : 0 !8c cyclo, which were in agreement with those reported previously [5, 6] . However, the content of C 19 : 0 !8c cyclo (2.3 %) was significantly lower in strain F01
T than in the other strains (up to 6.0 %) ( Table 2) . Likewise, C 12 : 0 3-OH (5.2 %), C 10 : 0 (1.8 %) and C 12 : 0 (1.3 %) in strain F01
T were in a lower amount than in related species (Table 2 ). In addition, the contents of C 18 : 1 !7c and C 14 : 0 (2.9 %) were remarkably high in strain F01
T ( Table 2) . As a result, the fatty acid profile could be used to separate strain F01
T from other strains in the genus Salinicola. The polar lipids identified for strain F01
T were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, two unidentified aminoglycolipids, three unidentified phospholipids and three unidentified lipids (Fig. S8) . The pattern was similar with polar lipid compositions of other species in the genus Salinicola [2, 5, 22] . Detected quinones of strain F01
T were ubiquinone Q-9 (approx. 94.8 %) and ubiquinone Q-8 (approx. 5.2 %), which confirmed the position of the novel strain within the genus Salinicola in having ubiquinone Q-9 as its major respiratory quinone [1] .
The genotypic, chemotaxonomic and phenotypic data presented in this study demonstrate that strain F01
T isolated from leaves of T. chinensis represents a novel species in the genus Saliniicola, for which the name Salinicola tamaricis sp. nov. is proposed.
DESCRIPTION OF SALINICOLA TAMARICIS SP. NOV.
Saliniicola tamaricis (ta.ma'ri.cis. L. fem. gen. n. tamaricis of the Tamarix tree).
Cells are rod-shaped (0.8-1.0Â1.3-2.9 µm), Gram-stainnegative, non-endospore-forming, aerobic, motile, and catalase-and oxidase-positive. Colonies are cream-coloured, opaque, round (1-1.5 mm in diameter), smooth and elevated with entire margins on HM medium after 48 h of The type strain, F01
T (=CCTCC AB 2015304 T =KCTC 42855 T ), was isolated from the halophyte Tamarix chinensis Lour. from seashore saline soil of the Yellow River delta, China. The genomic G+C content of the type strain is 65.8 mol%. 
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